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Data 
CERES EBAF Ed4.1, Full 21 running years  

(July 2000 – June 2021) 

= 
Theory 

Four equations based on  
Schwarzschild (1906, Eq. 11) 



Schwarzschild, K. (1906) On the Equilibrium of the Sun’s Atmosphere.  

Nach. K. Gesell, Wiss. Göttingen, Math-Phys. Klasse 195, pp. 41–53.  

In “Selected Papers on the Transfer of Radiation” (D. H. Menzel, ed.). Dover, New York. 

E emission of the layer, A upward beam, B downward beam, A0 emerging flux, m „Optische masse” 





Radiative Equilibrium: Discontinuity 
Radiative-Convective Equilibrium: Net Flux 

          Hartmann (1994)                 Liou (2002) 

     Global Physical Climatology                       An Introduction to Atmospheric Radiation 
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Single-slab             =>       Continuous atmosphere in radiative-convective equilibrium 

Chamberlain (1978)  

Theory of Planetary Atmospheres 

Hartmann (1994) 

Global Physical Climatology  
Houghton (1977)  

The Physics of Atmospheres 
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                    Clear-sky                 All-sky 

              Single-slab                    Continuous 



(1)  SFC (SW down – SW up) + (LW down – LW up) (clear)  = TOA LW (clear)/2   
   
 
(2)  SFC (SW down – SW up) +  LW down  (clear)  = 2 × TOA LW (clear)  
        
 
(3)  SFC (SW down – SW up) + (LW down – LW up)    (all) = [TOA LW (all) – LWCRE]/2        
   
 
(4)  SFC (SW down – SW up) +  LW down     (all) = 2 × TOA LW (all) + LWCRE       
   
   

Theory: The four equations 



(1)  SFC (SW down – SW up) + (LW down – LW up) (clear)  = TOA LW (clear)/2   
   240.86 – 29.08  + 317.41 – 398.51   = 266.01 /2 
 
(2)  SFC (SW down – SW up) +  LW down  (clear)  = 2 × TOA LW (clear)  
        240.86 – 29.08  +  317.41        = 2 × 266.01 
 
(3)  SFC (SW down – SW up) + (LW down – LW up)    (all) = [TOA LW (all) – LWCRE]/2        

   186.83 – 23.17 +  345.04  – 398.73    = (240.24 – 25.77) /2 
 

(4)  SFC (SW down – SW up) +  LW down     (all) = 2 × TOA LW (all) + LWCRE 
    186.83 – 23.17 +  345.04                  = 2 × 240.24 + 25.77 

 
          
   

Data: CERES EBAF Ed4.1 (July2000-June2021) 



(1)  SFC (SW down – SW up) + (LW down – LW up) (clear)  = TOA LW (clear)/2   
   240.86 – 29.08  + 317.41 – 398.51   = 266.01 /2  -2.32 
 
(2)  SFC (SW down – SW up) +  LW down  (clear)  = 2 × TOA LW (clear)  
        240.86 – 29.08  +  317.41        = 2 × 266.01  -2.83 
 
(3)  SFC (SW down – SW up) + (LW down – LW up)    (all) = [TOA LW (all) – LWCRE]/2        
   186.83 – 23.17 +  345.04  – 398.73    = (240.24 – 25.77) /2 2.73 
 
(4)  SFC (SW down – SW up) +  LW down     (all) = 2 × TOA LW (all) + LWCRE 
    186.83 – 23.17 +  345.04                  = 2 × 240.24 + 25.77 2.44 

 
          
   

Data: CERES EBAF Ed4.1 (July2000-June2021) 



(1)  SFC (SW down – SW up) + (LW down – LW up) (clear)  = TOA LW (clear)/2   
   240.86 – 29.08  + 317.41 – 398.51   = 266.01 /2  -2.32 
 
(2)  SFC (SW down – SW up) +  LW down  (clear)  = 2 × TOA LW (clear)  
        240.86 – 29.08  +  317.41        = 2 × 266.01  -2.83 
 
(3)  SFC (SW down – SW up) + (LW down – LW up)    (all) = [TOA LW (all) – LWCRE]/2        
   186.83 – 23.17 +  345.04  – 398.73    = (240.24 – 25.77) /2 2.73 
 
(4)  SFC (SW down – SW up) +  LW down     (all) = 2 × TOA LW (all) + LWCRE 
    186.83 – 23.17 +  345.04                  = 2 × 240.24 + 25.77 2.44 
 
   Mean bias of the four equations   =        0.00  
   

Data: CERES EBAF Ed4.1 (July2000-June2021) 





Integer solution best fit 

CERES EBAF Ed4.1, 252 months, July 2000 — June 2021 data, best fit: 
    LWCRE = 1 unit = 1 = 26.68 ± 0.01 Wm-2. 

TOA LW  clear-sky = 10 TOA LW  all-sky = 9 

SFC LW up  clear-sky  = 15 SFC LW up  all-sky = 15 

SFC LW down  clear-sky  = 12 SFC LW down  all-sky = 13 

SFC LW net  clear-sky  = –3 SFC LW net  all-sky = –2 

SFC SW net  clear-sky = 8 SFC SW net  all-sky = 6 

SFC SW+LW net  clear-sky = 5 SFC SW+LW net  all-sky = 4 

SFC SW+LW total  clear-sky = 20 SFC SW+LW total  all-sky = 19 

G greenhouse effect clear-sky = 5 G greenhouse effect all-sky = 6 

ATM LW Cooling  = –7 ATM LW Cooling  = –7 

SWCRE (surface)  = –2 LWCRE (surface, TOA) = 1  



Clear-sky N N × Unit July 2000 – June 2021 Difference 

TOA LW up 10 266.80 266.01 -0.79 

SFC SW net 8 213.44 211.78 -1.66 

SFC LW down 12 320.16 317.41 -2.75 

SFC LW up 15 400.20 398.51 -1.69 

All-sky 

TOA LW up 9 240.12 240.24 0.12 

SFC SW net 6 160.08 163.66 3.58 

SFC LW down 13 346.84 345.04 -1.80 

SFC LW up 15 400.20 398.73 -1.47 

                                                                                                  Mean difference -0.81 

Theory versus data 
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Part II. 

Empirical extension 



Surface SW Down 0  

Surface SW Net = Surface (SW Down – SW Up) 
• Not resolved into its downward and upward components 

• CERES EBAF Ed4.1 (July 2000 – June 2021): 

 

• SFC SW Down (all-sky)  = 186.83 Wm-2 

• Integer position   = 186.76 = 7 (diff = 0.07 Wm-2) 

 

• SFC SW Down (clear-sky) = 240.86 Wm-2 

• Integer position   = 240.12 = 9 (diff = 0.74 Wm-2) 



TOA SW up (TSI, albedo and TOA Net CRE) 
• CERES TOA SW up (all)  =   98.98 Wm-2 

• Integer position  = 100.05 = 15/4     (diff = -1.07 Wm-2) 
• CERES TOA SW up (clear) =   53.72 Wm-2 
• Integer position =   53.36 = 8/4 = 2  (diff = 0.36 Wm-2) => 
• TSI SORCE 17 years = 1360.883 ± 0.5 Wm-2  => 1360.68 = 51  
=>  LWCRE  = 1 = 26.68 ± 0.01 Wm-2 

=> αP (all-sky)  = 15/51 = 0.294 
      RSR(all) = 15/4, ASR(all)  = 36/4, OLR(all) = 36/4;   IMB(all) = 0 
      RSR(clr) =   8/4,  ASR(clr)  = 43/4, OLR(clr) = 40/4;   IMB(clr) = 3/4: 
ASR(clr) = 286.81 Wm-2, OLR(clr) = 266.80 Wm-2; IMB(clr) = 20.01 Wm-2  

=> TOA Net Imbalance (clear) = – TOA Net CRE = – 20.01 Wm-2. 

51 

N 

TOA SW Up 0  



Surface SW+LW net = SH + LH 
• CERES EBAF Ed4.1, all, 21-yr = 109.98 Wm-2 

• L’Ecuyer et al. (2015) NEWS  = 106 Wm-2 

 Sensible Heat = 25 Wm-2 

 Latent Heat = 81 Wm-2 

• Integer position (all-sky) 

 Sensibe Heat  =  26.68  = 1 (diff = -1.68 Wm-2) 

 Latent   Heat  =  80.04  = 3  (diff =  0.96 Wm-2) 

 SFC SW+LW Net = 106.72 = 4  (diff =  0.72 Wm-2)  

Sensible Heat & Latent Heat 0  



Clear-sky TSI = 51 N × Unit EBAF Ed4.1, 252 months Difference 

TOA SW up 2 53.36 53.72 0.36 

TOA LW up 10 266.80 266.01 -0.79 

SFC SW down 9 240.12 240.86 0.74 

SFC SW up 1 26.68 29.08 2.40 

SFC LW down 12 320.16 317.41 -2.75 

SFC LW up 15 400.20 398.51 -1.69 

     All-sky TSI = 51 

TOA SW up 15/4 100.05 98.98 -1.07 

TOA LW up 9 240.12 240.24 0.12 

SFC SW down 7 186.76 186.83 0.07 

SFC SW up 1 26.68 23.17 -3.51 

SFC LW down 13 346.84 345.04 -1.80 

SFC LW up 15 400.20 398.73 -1.47 

                                                             Mean difference -0.78 

Global means (July2000 – June 2021) 
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Clear-Sky Greenhouse Effect at GFDL 

LWCRE  =  1 =    26.68 ± 0.5  Wm-2   

G (theory) =  15 – 10 = 5 =  133.40 ± 0.05 Wm-2   

G (GFDL AM4)    =  133.4   ±  0.6  Wm-2 

(JGR 2019) 



“climate conditions at the beginning of the 21st century” 

g(all-sky, theory) = (15 – 9) / 15  = 0.4 
g(all-sky, IPCC)  = (398 – 239)/398 = 0.3995 

All-sky Greenhouse Effect at IPCC 

15 

9 



Summary 

• g (clear-sky, theory) = (15 – 10)/15 = 1/3 

• g (clear-sky, CERES)   = 0.3325 

 

• g (all-sky, theory) = (15 – 9)/15  = 0.4 

• g (all-sky, CERES)   = 0.3975 


